Abstract-Nearctic Stylogaster Macquart (Diptera: Conopidae) species concepts are revised. We provide redescriptions of S. biannulata (Say) and S. neglecta Williston, description of S. beresfordi new species, an illustrated key to species, range maps, and ecological data. Stylogaster beresfordi ranges from southern Mexico to southern New Mexico, United States of America. DNA barcode data are provided with neighbour-joining and Bayesian analyses and relationships of the three species are discussed. We hypothesise that S. neglecta and S. beresfordi are sister taxa, while S. biannulata is in a different clade.
Introduction
Stylogaster Macquart (Diptera: Conopidae) is a diverse genus of parasitoid flies in the family Conopidae . They are most prevalent in the Neotropical and Afrotropical regions and until recently only two species were known to inhabit the Nearctic Region, S. biannulata (Say) and S. neglecta Williston . The range of these two species extends from southern Ontario, Canada to Mexico . Though sharing much of the same habitat and appearing morphologically similar, they are not particularly closely related according to molecular and morphological analyses .
These two species are most easily distinguished from each other by examination of the antenna. In S. neglecta the flagellum is nearly twice as long as the pedicel, while in S. biannulata the flagellum and pedicel are about equal length. Additionally, the abdomens of females of both species are distinctive; S. biannulata is more stout and short, while S. neglecta is longer and more slender .
Stylogaster has a parasitoid life history with females injecting eggs into a variety of hosts, including crickets, cockroaches (Kotrba 1997; Woodley and Judd 1998) , and possibly calyptrate Diptera (Smith 1967; Couri and Pont 2006; Couri and Silva Barros 2010) . The latter are suspected to be accidental ovipositions, as larvae have not been reared from flies (Stuke 2012) . Many Stylogaster species in Africa and the Neotropics are facultative or obligate army ant followers (Bequaert 1922; Aldrich 1930; Lopes 1937; Rettenmeyer 1961) . The flies occur in diversity and numbers around the leading edge of ant swarms where they attack fleeing Orthoptera (personal observation). Kotrba (1997) explored the possible methods of egg delivery and concluded that it is most likely that the eggs are stabbed into the host abdomen and are held there by elaborate barbs found on the eggs. Lopes (1937) first described the eggs of Stylogaster and noted that many of the eggs revealed speciesspecific features. As a result, the eggs of all three Nearctic species are described and illustrated below.
When not attending army ant swarms, Stylogaster adults may typically be found hovering over paths in forest understorey or nectaring on small white or yellow flowers such as fennel (Foeniculum vulgare Miller (Apiaceae)), mints (Lamiaceae), and daisies (Asteraceae) (Smith and Peterson 1987) . In parts of their range where there are no army ants, these are typically the only places to find these flies. They are relatively common but can be hard to spot (personal observation).
Materials and methods
Specimens were obtained from the following collections: American Museum of Natural History, New York, New York, United States of America (AMNH); Canadian National Collection of Insects, Arachnids, and Nematodes, Ottawa, Ontario, Canada (CNC) ; the University of Guelph Insect Collection, Guelph, Ontario, Canada (DEBU) . Preliminary identifications relied on the key provided by Camras and Parrillo (1985) .
Exemplar specimens were photographed with a Canon 50D EOS Digital Camera with an MP-E 65 mm macro lens (Canon Canada Inc., Mississauga, Ontario, Canada) and images were then stacked using Zerene Stacker Version 1.04 (Zerene Systems, Richland, Washington, United States of America). These images were further manipulated using Photoshop CS4 software (Adobe Systems Incorporated, San Jose, California, United States of America). Figure plates were prepared in Adobe Illustrator CS4 (Adobe Systems Incorporated). Illustrations of specimens were made by T.O.B., and were based on both lateral photographs and specimens under a dissecting scope. The microscope used was a Nikon SMZ1500 with a HI-150 High Intensity Illuminator (Nikon Canada Inc., Mississauga, Ontario, Canada).
Genitalia were excised by removing the whole abdomen, placing them in standard 1.5 mL Eppendorf tubes (Eppendorf Canada, Mississauga, Ontario, Canada) and immersing them in 95% lactic acid for no less than four hours on a 95°C dry bath incubator (Fisher Scientific, Toronto, Ontario, Canada) . Macerated abdomens were then placed on a glass depression slide and immersed in glycerin for dissection. The genitalia were then separated from the abdomen for comparison under the dissecting scope and were ultimately stored in genitalia vials with the specimens. Drawings were made of the genitalia of exemplar males, females, and eggs. All specimens examined were labelled with unique voucher numbers using the format CNC Diptera 12345 or Jeff Skevington Specimen #12345 (shortened to CNCDn and JSSn throughout the text). These numbers are cited in the material examined sections and figure captions for illustrations to allow for repeatability of the research.
Molecular methods and analysis follow Skevington and Thompson (2012) . Genetic work was carried out at the molecular laboratories of the CNC in Ottawa, Ontario, Canada and at University of Guelph, Guelph, Ontario, Canada. The resultant sequences, as well as images and related data, can be accessed through the Barcode of Life Data Systems (BOLD) (http://www.barcodinglife.org/) in the public data set "Nearctic Stylogaster (NESTY)" (http://www.boldsystems.org/views/ projectmenu.php?&). In addition, all sequences were deposited in GenBank (Table 1) .
No insertions or deletions exist in the COI data set so alignment was unambiguous. Phenetic analyses were performed with PAUP* (Swofford 2001) . Neighbour-joining was used to explore species concepts for all 35 ingroup taxa. Bayesian methods were used with a reduced data set (one exemplar per species) for creating phylogenetic hypotheses. Exemplars from all four other conopid subfamilies were used as outgroups for analyses (Dalmannia pacifica Banks, Myopa clausa Loew, Physocephala burgessi (Williston) , and Zodion obliquefasciatum (Macquart)). For Bayesian Analysis, models of evolution were determined based on the Akaike Information Criterion using ModelTest 3.7 (Posada and Crandall 1998) . Bayesian analyses were conducted using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) with a Markov Chain Monte Carlo method. Four chains (three hot, one cold) were run simultaneously for 10 000 000 generations. Trees were sampled every 1000 generations and each simulation was run twice. Following the discard of the first 1000 samples as burn-in, 9000 samples were used for each simulation to generate a majority-rule consensus tree and posterior probabilities for each node. Analysis was 
conducted using the Cyberinfrastructure for Phylogenetic Research (Miller et al. 2010 ) and a cladogram was generated using Mesquite (Maddison and Maddison 2011) .
Results and discussion
While testing species concepts for Nearctic conopids with mitochondrial DNA data (cytochrome oxidase c subunit 1), we discovered a putative cryptic species within S. neglecta. Upon closer examination, we found subtle, stable morphological differences between this putative new species and S. neglecta. For example, the ocellar triangle and frontal vitta is always darker, almost black, in the new species, where it is rather pale, yellow to brown, in S. neglecta. Camras and Parrillo (1985) described the triangle as dull in S. neglecta. The scape of S. beresfordi new species is always darker than S. neglecta and shiny. Upon dissection of the male and female genitalia we found other differences between these species lending support to our hypothesis.
Separating S. neglecta and S. beresfordi from S. biannulata is trivial and can be done quickly by examination of the antennae. Male and female genitalia and eggs also differ considerably between these species. We provide species descriptions, illustrations and a dichotomous key to species of Nearctic Stylogaster below.
Stylogaster beresfordi Burt, Skevington, and Rocha, new species (Fig. 3A) ; pedicel and flagellum about equal in length (Fig. 3A) ; lighter species (pale yellow with darker orange brown areas on abdomen, and darker brown banding on hind tibia and distal end of femur through to tarsi) (Fig. 3F) ; little or no lateral maculation on the thorax (slightly darker maculation on anepisternum) (Fig. 3F) ; abdominal banding is fairly regular towards posterior (Fig. 3G) ; thorax dorsal maculation (black) forks into three distinct points at posterior (Fig. 3B) ; stylus (fused sternite 7) of female shorter and more robust than other Nearctic species with slight lateral ridge (Fig. 3E ). Eastern North America (Fig. 6B) (Fig. 4B) ; stylus (fused sternite 7) of female thin, smooth, long and slender without lateral ridge (Fig. 2B) (Fig. 2A) ; scape darker (brownish yellow); males with pale abdominal banding broken by darker median maculation (Fig. 2E ), in females banding is pale and darker brown; lateral and ventral setulae on and near the first abdominal tergite usually pale, though variably black; male surstylus and postgonite both broad, stubby (Fig. 5A ). Southwestern North America (Fig. 6B) 15-16.viii.1993 , 1♂, 16-19.viii.1999 , 3♂, 18-19.viii.1999 Diagnosis: Distinguished from S. biannulata by the subequal length of the flagellum and pedicel; the flagellum is nearly twice as long as the pedicel (Fig. 2A) ; the ocellar triangle and frontal vitta is always dark in colour (black or dark brown) (Figs. 2A, E) , darker than in S. neglecta; lateral and ventral setae on first abdominal tergite are usually pale, though this is somewhat variable (generally black in S. neglecta); the male surstylus and postgonite are both broader and stubbier than in S. neglecta (Fig. 5A) .
Description: Male: Body length 6-7 mm. Head: Face pale yellow with faint silver microtomentum extending narrowly between eyes and frontal vitta, with six to seven black setae in a row along inside of each eye; facial carina sharp and narrow; ocellar triangle with rounded protruding ocellar protuberance bearing two long setae; two long setae just posterior to protuberance; frontal vitta and ocellar triangle shiny and dark, brownish black surrounded by dull and darker V-shaped area runs along inside of eyes above antenna; dorsal occiput with distinctive patches of silver microtomentum, and long white setulae; scape, pedicel and flagellum mainly yellow, with only slight brown darkening ventrally; arista wholly dark brown; flagellum twice length of pedicel; scape appears slightly darker than in S. neglecta; subtle light-coloured microtomentum on pedicel and flagellum. Thorax: Laterally pale yellow with brown maculation on anepisternum and katepisternum; one long black seta on anepimeron next to one shorter seta variably present; single long pale seta on lateral prosternum; thorax dorsally longer than wide (Fig. 2E) ; dorsal anterior postpronutum paler with pale microtomentum and single long black seta; dorsal thorax mainly black with slightly lighter brown area posteriorly and two very faint dark brown median stripes; dorsal thorax covered with short setulae only on area of darker maculation; four long black setae (not including setae on postpronutum) fairly evenly spaced along each side of dorsal lateral edge of thorax posteriorly while two postallar callus setae closer together; scutellum dark brown to black with two long posterior black setae, lighter than rest of dorsal surface of thorax. Legs: Coxae pale yellow with hind coxa slightly darker; front coxa with one to two short black setae among pale setae; hind coxa has one longer seta laterally with one to two more medioventrally; mid coxa with several short pale and sparse black setulae anteriorly; hind legs covered in short black setulae, fore and mid legs mainly covered in pale setulae with only a few darker setulae interspersed becoming more regularly dark after tibia; fore and mid femora pale yellow; hind femur pale yellow with three darker brown bands (Figs. 1A-C, 2C ), final band appearing at junction with tibia; fore and mid tibiae and tarsi pale yellow with dark setulae, hind tibia mostly pale, becoming abruptly darker brown basally, colour extending to tarsi; hind tibia with three black basal spurs; fore and mid tibiae with single pale spur; tarsomere 2 about 3 = 4 length of tarsomere 1 while tarsomere 3 is about 3 = 4 length of tarsomere 2; tarsomere 4 and 5 equal to each other but each shorter than tarsomere 3.
Wing: Costal vein covered in short setulae with one long black seta dorsobasally. Abdomen: More bulbous posteriorly (Fig. 2G) ; tergites pale yellow with darker brown banding and faintly darker secondary banding within, only noticeable dorsally at posterior edge of each tergite, tergites 4 and 5 darker overall with yellow banding slightly interrupted dorsally by darker maculation; tergite 2 with most prominent darker band on and towards posterior edge; ventral sternites absent except for 5th, which bears sharp carina and reduced overall; abdomen entirely covered in short black setulae dorsally, laterally black setae alternate to paler yellow where maculation paler; lateral ventral edge of tergites have long pale setae interspersed with some black setae becoming mainly black towards the posteriorly; viewed dorsally, tergite with two long black setae extending posteriorly. Genitalia: Epandrium bulbous, rounded, with two long, black posterior bristles amidst many black setulae; surstylus with two lobes: former with small black spines on inner face and black spines on outer face with concave groove basallaterally; latter lobe with black setae at base; cercus double-lobed, with one lobe somewhat clubbed, while other sharper distally; dorsally; cercus with many long black setae; hypandrium flat and elongate, appearing bulbous, and irregular with a short protruding lobe extending dorsally; postgonite somewhat elongate, bulbous and rounded basally, rather curled and cup-shaped with mixture of short setulae and black spines; phallus double-stranded, light brown and elongate (Fig. 5A) ; phallapodeme cylindrical and elongate, more bulbous distally; sperm pump only slightly smaller than epandrium, membranous; ejaculatory apodeme very rounded, teardropshaped.
Female: Similar to male, except banding less clear; ovipositor virtually indistinguishable from S. neglecta (Fig. 2B) , twice as long as thorax and head combined; first 5th of ovipositor pale yellow graduating to darker brown with last 5th pale yellow; setae of ovipositor sparse on darker areas becoming more regular towards posterior; setulae pale yellow to white on last 5th of tergite near terminalia. Terminalia: Tergite 7 or stylus (segment 7) cylindrical, elongate and pale with sparse, short setae (Fig. 2B) ; tergite 8 cylindrical and 1/3 as long as stylus with longer, coarser setae than stylus; tergite 9 short and fused dorsally just before lateral lobes of sternite 8, which are short and rounded with crop of long, bushy setulae; hypoproct arrow-shaped, short and moderately pointed with many long setae; cercus short, with very thick and long black spines, not extending to tip of hypoproct (Fig. 2F) .
Egg: Anterior tip (nonmicropylar end) sharply pointed (Fig. 2D) , highly sclerotised, with pair of ventral, posterior-facing (downward) spines or barbs, slightly shorter than in S. biannulata (S. biannulata egg , Fig. 3C ); barbs often encased within thin translucent film; tip in shape of arrowhead or harpoon when viewed ventrally or dorsally; body elongate, cylindrical, becoming gradually more bulbous posteriorly (micropylar end), giving egg club-shaped appearance; longitudinal slit between pair of sclerotised barbs where eversible sac originates upon inflation; viewed laterally, anterior end appears rounded, or softened blade, egg body posteriorly clavate; under high magnification surface appears sculptured, scales-like, less defined or altogether absent towards anterior tip.
Hosts: Unknown, but presumably crickets and/or cockroaches as in other known Stylogaster (Smith and Cunningham-van Someren 1985; Woodley and Judd 1998) .
Known distribution: Stylogaster beresfordi is a southwestern Nearctic species, occurring from SW New Mexico and SE Arizona south through Mexico, between 1238-2377 m in elevation (Fig. 6B) .
Comments: Bayesian analayis of COI data for 35 species of Stylogaster shows S. beresfordi to be the sister species to S. neglecta (Fig. 7) . Morphologically, the two species are very similar, differing only in small differences in male genitalia and colouration. DNA evidence strongly supports our hypothesis that S. beresfordi is a valid species. Six specimens were sequenced and differ by only 0.0-0.2% and cluster together in as a monophyletic lineage in a neighbour-joining tree (Fig. 8) . The uncorrected pairwise genetic distance between S. beresfordi and S. neglecta is 3.6-4.2%. The COI sequences are published in GenBank (Table 1) .
Stylogaster biannulata (Say) (Figs. 3A-G . Marjority rule consensus Bayesian-analysis cladogram based on COI sequence data. Numbers at nodes indicate posterior probability support measures. Dalmannia, Myopa, Physoconops, and Zodion were defined as the outgroup. silver microtomentum extending narrowly between eyes and frontal vitta with four to six variably pale yellow or black setae in a row along inside each eye; facial carina sharp and narrow; ocellar triangle with slight, irregularly rounded ocellar protrusion with two setae just behind protrusion; frontal vitta and triangle are somewhat dull pale yellow near scape and becomes dark brown to black just before ocellar protrusion, entirely surrounded by a dull and darker V-shaped area (Fig. 3A) ; back of the head just behind eyes with distinctive patches of silver microtomentum, and long white setulae on lateral occiput; scape, pedicel and flagellum mainly yellow with darker brown on the flagellum, with feather-like arista mainly yellow, and pedicel mainly darker brown; flagellum equal in length with pedicel; scape with short subtle and sparse black pile; pedicel with moderately long, spikey black pile.
Thorax: Laterally pale yellow with light brown maculation on anepisternum and katepisternum (Fig. 3F) ; thorax dorsally longer than wide (Figs. 3B, G); dorsal anterior postpronutum paler with pale microtomentum and without long setae, dorsal thorax mainly black with slightly lighter brown area posteriorly; dorsal thorax covered with short pale setulae; four long black setae fairly evenly spaced along each side of the dorsal lateral edge of thorax distally, with two postallar callus setae closer together; scutellum dark brown to black with two posterior long black setae; scutellum slightly lighter than rest of dorsal surface of thorax. Legs: Coxae pale yellow with hind coxa slightly darker; fore coxa with several long pale and black setae; hind coxa with mainly black, long and short setae, mid coxa with several long pale and sparse black setulae anteriorly; hind legs mainly covered in short black setulae except ventral surface of fore femur with longer black setulae; fore and mid legs covered in pale setulae with only a few darker setulae becoming more regularly dark after tarsomere 3; hind femur pale yellow with two darker brown bands (Figs. 3F, G); fore and mid tibiae and tarsi pale yellow setulae; while hind tibia is mostly pale, becoming more stout and broad, and abruptly darker brown basally, colour extends throughout hind tarsi (Fig. 3F) ; hind tibia has three fairly reduced and subtle basal spurs; fore and mid tibiae with single pale spur; tarsomere 2 about 3 = 4 length of tarsomere 1; tarsomere 3 is about 1/3 length of tarsomere 2; tarsomere 3-5 equal to each other; fore and mid tarsi pale yellow, except for brown 5th. Wing: Costal vein covered in short setulae with one long black seta dorsal-basally. Abdomen: More bulbous distally; tergites mainly pale yellow with gradient darker brown banding, darker towards posterior margin of tergite, when viewed dorsally (Fig. 3G) ; ventral sternites mainly absent except sternite 5, which bears sharp carina, reduced overall; dorsal abdomen entirely covered in short black setulae, anteroventrally tuft of paler yellow setae present; viewed dorsally, tergite 3 appears somewhat fluted posteriorly, tergite 4 bulbous. Terminalia: Epandrium not bulbous, rather flattened dorsally, without long, posterior bristles, with many fine black setulae; surstylus slightly L-shaped with slight second lobe at bend, distal lobe with sparse black setulae on outer face and shorter black setae on inner face (Fig. 5B) ; cercus single-lobed, and sickle-shaped, sharp and pointed distally; dorsally, cercus with many thin, long black setae; postgonite somewhat elongate, carnate dorsally, with short, sharp black spine-like setae ventrally only, appearing brush-like; phallus Y-shaped, single stranded later dividing into short double-stranded form, dark brown (Fig. 5B) ; phallapodeme cylindrical and elongate, becoming narrower distally; sperm pump only slight, much smaller than epandrium (about size of surstylus), rounded; ejaculatory apodeme is thin, somewhat narrow, leaf or arrow-shaped, thin and somewhat flat (Fig. 5B) .
Female: Similar to male, except for genitalia; ovipositor shorter and stouter than in S. neglecta and S. beresfordi, with a slightly uneven lateral groove (Fig. 3E) . Genitalia: Tergite 7 or ovipositor, cylindrical, only somewhat elongate and pale with sparse, short setae, and a lateral groove, or crease (Fig. 3E) ; tergite 8 cylindrical and 1/3 as long as ovipositor with longer, coarser setae; tergite 9 short and fused dorsally, somewhat protruding dorsally, lateral lobes of sternite 8 with sparse setulae (Fig. 3D) ; hypoproct appears mildly arrow-shaped, short and stout, only moderately pointed with many medium length setae; cercus slightly elongate and sickleshaped, with long black spines, not extending to tip of hypoproct (Fig. 3D) . Egg: The eggs of S. biannulata have been thoroughly described by Woodley and Judd (1998) but are re-illustrated and described here for comparative purposes (Fig. 3C ). Anterior tip (nonmicropylar end) sharply pointed and highly sclerotised with pair of ventral, posterior-facing (downward) spines or barbs, slightly longer than S. beresfordi or S. neglecta (S. beresfordi and S. neglecta eggs, Figs. 2D, 4C); barbs are often encased within thin, translucent film; tip in shaped of arrowhead or harpoon when viewed ventrally or dorsally; body elongate, cylindrical, becoming gradually more bulbous towards the posterior (micropyle end), club shaped; longitudinal slit opening between two sclerotised barbs where the eversible sac originates upon inflation; viewed laterally, anterior end appears much like a sharp and pointed blade while egg body posteriorly clavate; under high magnification surface appears sculptured, scale-like, that are less defined or altogether absent towards the posterior.
Hosts: Woodley and Judd (1998) noted that Gryllus rubens Scudder serves as the host for S. biannulata. These crickets were often parasitised more than once with larvae emerging roughly 19-25 days later. Camras (1967) documented a collection of 60 adult specimens taken over a swarm raid of Eciton burchelli in Mexico. It thus seems likely that they also attack more than just Gryllus rubens. More work is needed to understand host use in species of Stylogaster.
Known distribution: Stylogaster biannulata occurs from southern Mexico north to Oklahoma, Kansas and Nebraska, east to Florida in the United States of America and north to Ontario and southern Québec, Canada (Fig. 6B) .
Comments: Four COI sequences have been obtained and are published in GenBank (Table 1) . Intraspecific variation amounted to 0.2-1.5%. The uncorrected pairwise genetic distance between S. biannulata and S. beresfordi is 15.0-21.9% and between S. biannulata and S. neglecta is 17.9-19.9%. Based on a combined five-gene and morphology phylogenetic analysis of Conopidae, S. biannulata was hypothesised to be in a different species group than S. neglecta . Eleven of the 59 conopid species included in their data set were Stylogaster. We now have additional COI data available for conopids and include 35 species of Stylogaster in the Bayesian analysis presented here (Fig. 7) . We recover a similar pattern of relationships to those found by despite using only COI data in the analysis.
The holotype of S. biannulata is missing and has been missing for decades. It was deposited in the Academy of Natural Sciences in Philadelphia. Until the authors have a chance to visit this collection in person it is likely not wise to nominate a neotype. Given the distinctiveness of the taxon, it also seems unnecessary to designate a neotype. (Figs. 4A-F Abdomen: Generally indistinguishable from S. beresfordi, although S. neglecta often tends to be a slightly lighter brown dorsally than S. beresfordi. Terminalia; Slight lateral grove extends almost the entire length of more elongate surstylus (Fig. 5B) ; postgonite is somewhat more flattened, less scooping or cup posture than S. beresfordi (Fig. 5B) .
Stylogaster neglecta Williston
Female: Similar to male except abdominal banding is somewhat lacking; abdomen terminates in long and slender ovipositor which closely resembles S. beresfordi (Fig. 2B) ; tergite 5 is about 5 mm long with anterior portion pale yellow, followed by darker brownish black, and abruptly terminating in paler yellow; majority of ovipositor with short, irregular setulae on dorsal surface only, becoming distinctly regular and forming thick band of black pile towards dark, anterior end of ovipositor, the pile becoming rather pale on distally palest area just before genitalia. Terminalia: As in S. beresfordi except: cerci short, with very thick and long black spine-like setae, not extending to tip of hypoproct, setae sharply pointed (Fig. 4D) . Egg: Very similar to S. beresfordi. Only discernable difference is microsculptured surface (Fig. 4C ) slightly more defined than S. beresfordi (Fig. 2D) . Egg described in detail by Taber and Maloney (2006) .
Hosts: Unknown. Known distribution: Stylogaster neglecta ranges from Ontario and southern Québec, Canada, south to Georgia and west as far as mid Nebraska and Kansas, United States of America (Fig. 6B) . Camras and Parrillo (1985) suggested that the range extended farther west to Arizona and farther south to Sinaloa and Chiapas, Mexico. This is undoubtedly due to the inclusion of specimens of our new species, S. beresfordi, within the former boundaries of S. neglecta.
Comments: Five COI sequences have been obtained and are published in GenBank (Table 1) . The sequences were identical. Genetically and morphologically, this species is closest to S. beresfordi and is hypothesised to be its sister clade (Fig. 7) .
